INTRODUCTION
Hippotherapy is a physical therapy treatment strategy using rhythmical equine movement that has been used since the 1960s in Europe and the mid 1970s in the USA for the treatment of cerebral palsy (CP). 1, 2 The horse is used as a facilitator and led by a horse master; a specially trained physical therapist walks beside the horse and is
www.e-arm.org in close contact with the patient. 3 The patient is passively influenced by equine movement. The horse provides a dynamic base of support, making it an excellent therapeutic tool for improving patients' trunk balance, control and strength. 3 Hippotherapy acquires its distinct effect through a neural facilitation, vestibular stimulation, proprioceptive stimulation and psychosomatic influence. 4 The main studies have been carried out on the basis that the horse's gait brings a rhythmic and repetitive pattern of movement, similar to the movements of human gait. 5 Therefore, a patient with gait disturbance can be helped to acquire reciprocal aspects of movement and to improve posture control through the stimulation of normal balance reactions and posture coordination during the hippotherapy session. 6, 7 Several research studies have been published showing the beneficial effects of hippotherapy on patients with CP from gait speed and gross motor performance, 8 decreased energy expenditure and increased efficiency while walking 9 and improvements in muscle symmetry. 10 Also hippotherapy has been used as therapeutic intervention for a number of different neurologic conditions such as multiple sclerosis, 11 spinal cord injury. 3, 12 Especially, Beinotti et al. reported that hippotherapy demonstrated a positive influence in gait training for hemiparetic poststroke. 13 Hippotherapy associated with conventional physical therapy is a good resource in the treatment of hemiparetic patients after stroke. 13 The study is clinically significant in that it evaluated the therapeutic effects of hippotherapy exclusively in stroke patients, but did not standardize physiotherapy between control and experimental group. Also, cost and risks of hippotherapy limits clinical applications.
The therapeutic results obtained with the application of hippotherapy treatments has encouraged research into developing an mechanical horseback riding therapy system that mimics the movements of a horse, so that this therapy may be more adaptable and accessible to patients. 14 The development of mechanical horseback riding therapy system appears to be innovative. However, there are few studies about its therapeutic effects in patients with central nervous system lesions. In studies with CP, the results showed that the use of horse riding simulator was superior to the conventional physical therapy both in the postural control and the sitting position. 15, 16 Lee et al. 17 reported a positive response to mechanical horseback riding therapy in one patient with neuromuscular scoliosis. Li et al. 18 suggested that mechanical horseback riding could improve the balance in stroke patients as assessed with the Berg balance scale and the flat pressure test system. That study was limited to focusing only on balance ability. We hypothesized that mechanical horseback riding therapy is a potential intervention with which to improve the balance and gait ability of patients with stroke. The purpose of this study is to evaluate the effect of mechanical horseback riding therapy on balance and gait after stroke.
MATERIALS AND METHODS

Design
This is a non randomized prospective positive-controlled trial over a 12 week period with pre and post measurements of gait and balance.
Participants
May 2011 to October 2011, nineteen volunteer patients with stroke were recruited from among outpatients into the intervention group (conventional physiotherapy plus mechanical horseback riding therapy). At the same time eighteen patients with stroke were recruited from among outpatients into the control group (conventional physiotherapy). This control group was selected from a larger www.e-arm.org population who volunteered for the study and served as an age-and sex-matched group for comparison with the patients of intervention group. Inclusion criteria included 1) prior diagnosis of single stroke confirmed by imaging study such as magnetic resonance imaging (MRI) or computed tomography (CT), 2) chronic phase more than 6 months after onset, 3) capability to sit upright unaided on a static surface (sitting balance category of Berg Balance Scale score=4) ( Table  1 ), 4) sufficient cognition to follow verbal directions and understand the content and purpose of the study (Korean mini mental state examination score≥24), and 5) the ability to sit on mechanical horseback upright, unsupported, for 20 minutes.
Exclusion criteria were 1) bilateral stroke, 2) uncorrected visual impairments 3) co-morbidity that might interfere with mechanical horseback riding therapy such as psychiatric problems 4) aphasia with an inability to follow 2 consecutive step commands and 5) cognitive deficit with apraxia or neglect.
This study was approved by the Institutional Review Board at the Konkuk University Chungju Hospital (Approval No.: 2012-20). Informed consent was provided by patients before enrollment.
Interventions
The mechanical horseback riding therapy system utilized for this study is therapeutic apparatus called Joba ® EU6441 (Panasonic Electric Works Co., Osaka, Japan) to reproduce the movement of the saddle during horseback riding. 19, 20 One movement cycle of the Joba ® apparatus is a set of back and forth swing/slide of the saddle, swaying left and right and returning to the initial position ( Fig.  1 ). Movement speed of the Joba ® equipment ranges from level 1 (0.62 Hz) to level 7 (1.21 Hz). There are three predefined tilt levels; basic conditioning (flat), forward tilt, backward tilt. During the treatment sessions, patients maintain a sitting position on the simulator. The therapist helped the patients be safe by stabilization of patients' pelvis and holding the saddle.
Patients in the intervention group received 20 minutes of mechanical horseback riding therapy twice a week for 12 weeks added to conventional physiotherapy, while the control group received the same physiotherapy protocols only. The speed of machine was set at "level 3 (0.82 Hz)" and the tilt level was set at "basic conditioning". Conventional physiotherapy consisted of 30 minutes of neurodevelopmental therapy (NDT) twice a week for 12 weeks. All patients were treated by the same experienced physical therapist, certified in NDT.
Outcome measure
Clinical outcomes were blindly assessed by the same physician to reduce possible bias.
Clinical evaluation of gait
Functional Ambulation Category (FAC): The Func- www.e-arm.org tional Ambulation Category (FAC) is a common clinical gait assessment scale first described by Holden et al. 21 in
1984. The FAC differentiates 6 levels of walking ability on the basis of the amount of physical support required. The FAC was administered before and after intervention by the same examiner. Gait part of Performance Oriented Mobility Assessment (G-POMA) : Tinetti developed the Performance Oriented Mobility Assessment (POMA) in 1986. The POMA was originally designed as a measure for mobility and fall risk in elderly populations. High correlations between the gait subscale of POMA and physical performance test scores (Pearson r=0.78). 22 and between the balance subscale of POMA and the Berg Balance Scale (r=0.91) 23 have been reported, supporting the concurrent validity of the subscales. 24 In the gait part of this test (G-POMA), eight characteristics of the walking pattern are scored on 2-or 3-point scales for gait evaluation, resulting in a maximum score of 12. They are composed of gait initiation, step length, step height, step symmetry, step continuity, path deviation, trunk sway, walking stance and turning while walking.
25
Clinical evaluation of balance Berg Balance Scale (BBS): The Berg balance scale (BBS) is intended to measure a subject's ability to maintain balance while doing functional tasks. 26 It is based on the principle that a person's balance is challenged by diminishing his/her base of support.
27,28
The test includes fourteen items that are common in everyday life. These tasks progress from sitting to comfortable standing, to tandem standing, and to single leg standing. Each item of the BBS is rated on a 5-point scale.
The BBS assesses the static and dynamic balances by using usual tasks, such as reach, standing position, and transferences. 29 In this study, we evaluated BBS in three categories -sitting balance, standing balance, dynamic balance (position change) ( Table 1) . Balance Part of Performance Oriented Mobility Assessment (B-POMA): B-POMA is also from Tinetti's Performance Oriented Mobility Assessment. There are eight dynamic balance tasks scored on 2-or 3-point scales, resulting in a maximum score of 16 on the B-POMA. The tasks range from sitting and standing balance in a comfortable position to narrowing the base of support in standing. 25 
Data analysis
Descriptive statistics were used to summarize participant characteristics. Mann-Whitney U test and Chisquare test were used to confirm that initial gait and balance function, patient age, gender and duration of disease were similar between the control and intervention groups. Wilcoxon signed rank test was used to compare the effectiveness between baseline and 12 weeks after treatment in each group. Mann-Whitney U test was used to compare between group effects. Statistic analyses were conducted using SPSS, Version 12.0 statistical soft- 
RESULTS
Nineteen patients were recruited to the intervention group and eighteen were in the control group. There were no differences in age, duration of disease and gender, nor were there any significant differences in parameters of clinical evaluation at baseline (Tables 2, 3 ).
There was no significant change in gait parameters after treatment for both intervention group and control group, and no difference between groups (Table 3) .
Balance parameters improved significantly in the intervention group at 12 weeks after the treatment (p=0.001, Wilcoxon signed rank test). The dynamic balance category of BBS in post treatment especially was significantly different between groups (p=0.02, Mann-Whitney U test) ( Table 3 ). The B-POMA assessment improved significantly in the intervention group at 12 weeks after the treatment (p=0.001, Wilcoxon signed rank test) but there was no significant difference between groups (Table 3) .
DISCUSSION
Hippotherapy utilizes motor impulses generated from the back of a horse while the horse is walking. 30 Locomotor impulses are the effects of the movement of the horse while walking and are transformed in the body of the rider. Locomotor impulses of the walking horse arise from the take-off of the rear limbs and impact of the front limbs. 30 Locomotor impulses from the horse's back are transmitted to the rider at a frequency of 90 to 110 impulses a minute (1.5-1.8 Hz) in three movement planes. 30 During a 30 minute hippotherapy session, patients experience approximately 2700 to 3300 repetitions of compulsory postural challenge. Heine 31 reported that the movements of the horse generate continuous vestibular inputs that cause the practitioner to constantly adapt to these movements. Reactions to correct and re-balance are stimulated and this may lead to improve postural control and to aid the muscles of the trunk and extremities. 13 In this way, hippotherapy is a multisensory motion in which the rhythmic and three-dimensional sway of horseback riding stimulates the patient's postural reflex mechanism, resulting in balance and coordination training. 30 However there are several obstacles that complicate clinical application of hippotherapy like adverse weather conditions, difficulties to access to riding centers, the high costs, and the rejection of the therapy due to fear of the horse and the possibility of allergic reactions due to environmental antigens. More than all, horse riding is also associated with a high risk of serious injuries that can lead to long-term disabilities or death due to falling or kicks. [32] [33] [34] [35] For the purpose of preventing accidents and straightforwardly obtaining the physical benefits of horseback riding, a horseback riding simulator could replace the live horse. Mechanical horseback riding is more precisely reproducible and standardized for therapeutic purposes. 19 The simulator has several advantages compared to real horseback riding. It can be used in any place, as an outpatient department or even in the patient's own home. It is independent of weather conditions and is small and quiet. It is easy to handle and it can be programmed for customized training. Above all things, it is comparatively safe from accidents.
The purpose of our investigation was to objectively evaluate the efficacy of mechanical horseback riding therapy in patients with stroke. We found that the BBS and B-POMA were significantly improved after the treatment. The balance category of BBS in post treatment differed significantly between groups. In mechanical horseback riding therapy, the riding simulator continuously and rhythmically imposes unconscious muscular reactions on the users to maintain upright posture. 19, 20, 36, 37 and repeating a synchronized three-dimensional movement pattern promotes activating muscle in the dorsal and abdominal regions of the trunk, hip adductors to maintain posture against gravity. 19, 20, 36, 37 Therefore we assumed that repetition of these adjustments may cause mainly muscle strengthening of pelvic, abdominal and lumbar muscles, finally improving balance. Forced and dynamic movement of mechanical horseback in particular may affect dynamic balance more than static balance. Hippotherapy and its therapeutic effects on the balance were reported earlier in relation to other clinical entities such as multiple sclerosis (MS). 38, 39 Silkwood-Sherer, et al. found significant improvements in BBS scores for the hippotherapy group in patients with MS. 38 Hammer, et al.
reported significant improvements in 3 out of 11 patients using the BBS and, when a qualitative measure was added to the analysis, balance improvements were reported
www.e-arm.org in 8 patients with MS. 39 Shurtleff et al. 40 reported that hippotherapy improved dynamic stability as evaluated by a mechanical barrel to challenge trunk stability and functional reach test. Although patient groups vary, these results are similar to the findings of our study in terms of balance promotion. Beinotti et al. 13 examined the effects of hippotherapy for hemiparetic post-stroke, the only research about hippotherapy performed in patients with stroke. That was an experimental study with intervention and analyzed pre and post test in twenty subjects diagnosed with stroke. 13 In that study, the patients were evaluated by using 1) the Functional Ambulation Category Scale, 2) Fugl-Meyer Scale, only the lower limbs and balance sub-items, 3) Berg Balance Scale, and 4) functional assessment of gait (cadence). The Fugl-Meyer assessment showed significant improvement in symptoms of motor impairment in the lower limbs in the experimental group. There was also a trend to improvement in the experimental group in Berg Balance Scale. In short, our study has shown results similar to results of previous studies on the effectiveness of hippotherapy in terms of improving the balance. This demonstrates that mechanical horseback riding therapy may be a complementary treatment tool for enhancing balance in patients with stroke.
There are several limitations of our study. The major limitations include small sample size, lack of long-term follow-up and non randomization. Evaluation of additional outcome measures such as muscle strength, spasticity, sensory parameter, gait analysis and activities of daily living may be included in the future trial design. Despite the several limitations mentioned above, our study showed the possibility of mechanical horseback riding therapy as a complementary treatment.
CONCLUSION
The effectiveness of hippotherapy has already been demonstrated, but in many cases it is not possible to put it into practice due to various reasons such as financial considerations, difficulty of mounting a horse, and high risk of serious injuries. This study is one of the first to assess the effect of hippotherapy simulators therapy on stroke patients. We showed the beneficial effect of hippotherapy simulator on balance improvement in patients with stroke.
